Purpose -This study aims to analyse the similarity of intra-indicators used in research-focused international university rankings (ARWU, NTU, URAP, QS, and RUR) over years, and show the effect of similar indicators on overall rankings for 2015. The research questions addressed in this study in accordance with these purposes are as follows: 1) At what level are the intra-indicators used in international university rankings similar? 2) Is it possible to group intra-indicators according to their similarities? 3) What is the effect of similar intra-indicators on overall rankings? Design/methodology/approach -Indicator-based scores of all universities in five research-focused international university rankings for all years they ranked, forms the dataset of this study for the first and second research questions. We used multidimensional scaling and cosine similarity measure to analyse similarity of indicators and to answer these two research questions. Indicator-based scores and overall ranking scores for 2015 are used as data and Spearman correlation test is applied to answer the third research question.
Introduction
The early history of ranking universities has started in the US and going back to 1870s. Ranking universities became widespread in 1980s with the popular press in US, particularly US News & World Reports' Best Colleges (Stuart, 1995) . Although numerous national rankings were developed following Best Colleges (see http://ireg-observatory.org/en/ranking-profile), the first international ranking of universities was done by Shanghai Jiao Tong University in 2003, under the name Academic Ranking of World Universities (ARWU). While the main aim of ARWU was to determine the position of Chinese universities among other world universities and to identify their strengths and weaknesses (ARWU, 2015a), ARWU attracted intense interest along with the discussions on the subject Van Raan, 2005a; Van Raan, 2005b) . However, these discussions did not prevent the rapid increase in the number of rankings. Ranking Web of Universities (http://webometrics.info/) was developed by Cybermetrics Lab, an initiative of the Spanish National Research Council, in 2004, immediately after ARWU's first international university ranking list in 2003. Another ranking that emerged in 2004 out of a partnership between Times Higher Education (THE) and Quacquarelli Symonds Ltd. (QS) was Times Higher Education Supplement (THES), followed by THE-QS World University Rankings, which then continued as two different rankings by 2010: QS World University Rankings and THE World University Rankings (Holmes, 2010, p. 91) . The increase in the number of international university rankings continued with uniRank, formerly named 4 International Colleges & Universities (4icu.org), which ranks 12,358 colleges and universities in 200 countries according to their web popularity (uniRank, 2017) . Another international university ranking is the NTU Ranking: Performance Ranking of Scientific Papers for World Universities initiated by the Higher Education Evaluation and Accreditation Council of Taiwan (HEEACT) in 2007 and transferred to Taiwan National University in 2012 (NTU, 2017a) . CWTS Leiden Ranking (http://www.leidenranking.com/) was introduced by the Leiden University Center for Science and Technology Studies (CWTS) in 2008 with a different approach to rankings. CWTS Leiden Ranking provides indicator-based rankings, but not an overall ranking weighting the indicators. SCImago Institutions Rankings (SIR) has been ranking institutions in different sectors including universities by research performance, innovation and web visibility since 2009 (SIR, 2017a; SIR, 2017b) . In 2010, three international rankings emerged: University Ranking by Academic Performance (URAP), Round University Ranking (RUR), and Universitas Indonesia (UI) GreenMetric University Ranking. UI GreenMetric University Ranking focuses on green campuses and sustainability (UI GreenMetric, 2015) . RUR ranks universities according to 20 different indicators under the categories of research, education, international diversity, and financial sustainability (RUR, 2017) . URAP (http://www.urapcenter.org), developed by the Informatics Institute of the Middle East Technical University in Turkey, ranks universities by academic performance and lists 2000 universities. Starting in 2012, Youth Incorporated Global University Rankings has used indicators focusing on the opportunities that universities provide to students (Youth Incorporated, 2015) . The Nature Index, which emerged in 2013, ranks by the number of articles calculated in three different ways: the number of articles, the fractional number of articles, and the weighted fractional number of articles. They update their ranking lists on a monthly basis (A Guide to the Nature Index, 2017; Nature Index, 2017). Mapping Scientific Excellence (http://www.excellencemapping.net) emerged in 2013 and has a very different approach than the abovementioned rankings. It is a web application that lists universities and research-focused institutions in specific areas according to scientific performance with visual representation. Mapping Scientific Excellence does not create ranking lists on an annual basis. They create a new version by updating current rankings according to five-year periods (2005-2009, 2006-2010, 2007-2011, 2008-2012) (Bornmann et al., 2014, p. 28; Whitcroft, 2013) . U-Multirank, which emerged in 2014 and is funded by the European Union, has introduced a multidimensional and user-focused approach to rank universities internationally by categorizing them into one of five different groups from "very good" to "weak" according to selected indicators (Butler, 2010; U-Multirank, 2017a; U-Multirank, 2017b; Van Vught and Ziegele, 2012) . US News & World Report has begun to rank universities internationally in 2014 (Best Global Universities Rankings) (Morse et al., 2016) . Reuters, which ranked first in 2015 (Reuters Top 100: The World's Most Innovative Universities) , lists universities by innovation performance and totally bases its rankings on surveys, unlike other rankings (Ewalt, 2016; Reuters, 2017) .
International university rankings have been an important topic for higher education studies in recent years (Lo, 2014) . However, we have seen that the ranking bodies indicate the difficulty in measuring quality and scientific performance and the impossibility of creating excellent and totally objective rankings. Therefore, it is important to examine the methodology of the rankings carefully and understand what they measure (Baty, 2017; Billaut et al., 2010; Degener, 2014; Van Noorden, 2010) . The main problem with existing university rankings is the attribution of results without regarding the methodological details or what they measure (Loughran, 2016) . Policy-and decision-makers' non-expert bibliometric use and "fast and dirty" bibliometric analyses are the most significant problems for university rankings (Van Raan, 2005a) . Top-ranked universities are perceived as "best universities" by decision-making senior managers (King, 2009) ; ranking results are used by universities as marketing tools via web pages, student orientations, international meetings, and various media organs. It is known that some countries have changed their funding policies (e.g., China, see Li, 2012 ) with a focus on creating "world universities" (King, 2009) . For example, individual and institutional performance measures in Taiwan's higher education system are constructed according to the indicators of rankings (Lo, 2014, p. 99) . These indicators used in rankings are counted as one of the crucial factors for the position of universities (Doğan, 2017, p. 213; Shin and Toutkoushian, 2011, p. 10) . In a study on ARWU (Markovic et al., 2014) , it was understood that many universities were going to increase their scores on the number of publications (indicator) which they would change more easily than other indicators to obtain a place on the ARWU list, one of the most popular international rankings. It is stated in the same study that there are universities (e.g., University of Belgrade) included in the ranking lists which use this method and those university administrations have increased the number of publications required for professorship for this purpose. These examples show the dilemmas of "universities that are good at using different ranking systems and applying different indicators" and "good universities" (Shehatta and Mahmood, 2016, p. 1232 ).
There are two groups of studies on international university rankings that one of these groups focus on the indicators and methodologies of ranking by examining the existing indicators (Bookstein et al., 2010; Florian, 2006; Holmes, 2006; Soh, 2011; Van Raan, 2005a; Van Raan, 2005c; Vincke, 2009 ) and criticizing the methodology of rankings and suggest methodological improvement (Billaut et al., 2010; Daraio et al., 2015; Jajo and Harrison, 2014; Soh, 2013a , Soh, 2013b , Tofallis, 2012 , while the other group of studies compare ranking results in terms of the position of universities (Aguillo et al., 2010; Bornmann and Mutz, 2015; Bornmann et al., 2013; Chen and Liao, 2012; Claassen, 2015; Jöns and Hoyler, 2013; Marginson, 2007; Moed, 2017; Piro and Sivertsen, 2016; Shehatta and Mahmood, 2016; Williams, 2008) .
Most of the international university rankings are research-focused and they use a wide range of bibliometric indicators to measure research performance of universities (Rauhvargers, 2014, p. 40; Shehatta and Mahmood, 2016, p. 1232) . In this study, the aim is to analyse the similarities of intra-indicators used in overall rankings of research-focused international university rankings over years. Besides the similarity of intra-indicators, we aim to show the effect of similarity on overall rankings for 2015. Having highly correlated indicators that measure the same thing in a metric is statistically wrong and undesirable, that is known as collinearity/multicollinearity problem in statistics (Enders, 2013) . This indicates that the measurement is not accurate and valid. Likewise, using similar indicators in ranking systems may cause some problems, which means ranking can be easily manipulated. For example, by focusing on/targeting a particular indicator, scores on other indicators that are highly related to that indicator can also be increased.
CWTS, Mapping Scientific Excellence, Nature Index, and SIR (until 2015) are out of the scope of this study, since they do not create overall ranking lists. Ranking Web of Universities, Reuters, uniRank, Green Metrics, UMultirank, and Youth Incorporated are also not in the scope of the study because of not being research-focused. Although being research-focused and creating overall rankings, THE, CWUR, and US are not included in the study, since they do not present indicator-based scores. Thus, our study considers ARWU, QS, URAP, NTU, and RUR that are both research-focused and presents indicator-based scores and overall ranking scores annually.
In the light of the above, the research questions addressed in this study are as below:
1. At what level are the intra-indicators used in international university rankings similar? 2. Is it possible to group intra-indicators according to their similarities? 3. What is the effect of similar intra-indicators on overall rankings?
There are similar studies in the literature and one of these studies (Shehatta and Mahmood, 2016) examined the inter-correlation of ARWU's indicators based on scores and their correlation with the overall ranking scores. In another study (Dehon et al., 2010) , robust principal components analysis was performed for the first 150 universities in ARWU. The number of publications and the Nobel Prize winners were the two factors found to have a very strong effect. Another study (Docampo and Cram, 2015) attempted to determine the factors causing the overall change in ARWU, using principal components analysis. The analysis was based on ARWU's five indicators, and the number of full-time faculty was considered. The study revealed that two factors explain 85% of the variance in overall score. In a similar study (Soh, 2011) , inter-correlations of indicators and contribution of indicators to the overall score were investigated. Correlation tests and multiple regression analysis were conducted for the top 100 universities in ARWU's 2010 ranking, top 200 in QS's 2008 ranking, and top 200 in THE's 2010 ranking. Results revealed that indicators of rankings are inter-correlated and there are redundant indicators for each of the three rankings. It was found that two indicators of ARWU (number of articles published in Nature and Science and number of international awarded alumni) and two categories of THE (teaching and citations) explain 94% of the variance in overall score, whereas three indicators of QS (academic peer review, number of students per faculty, and number of citations per faculty) explain 91% of the variance in overall score, which means both the sufficiency of two-three indicators for these rankings and the redundancy of other indicators used in these three rankings (Soh, 2011 
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.5%) and pointed out that indicators based on expert opinions are not reliable. ARWU is criticized with that prizewinning alumni and faculty are thought to represent the quality of education; however, these prizes cannot accurately measure a current situation (Billaut et al., 2010) . ARWU presented an alternative ranking list in 2014 that excludes two disputable award indicators: internationally awarded alumni and internationally awarded faculty numbers (see ARWU, 2014) . A study compared the 2014 ARWU ranking with the alternative one excludes these two award indicators based on an uncertainty and stability analysis . Less uncertainty and higher stability were found in the alternative ranking. Abramo states that the presence of highly cited researchers has a significant effect on university performance and claims that a change in methodology will not easily or genuinely affect the result (Abramo et al., 2013) .
The abovementioned studies in the literature that focus on the indicators of international university rankings study on particular rankings (ARWU, THE, or QS), mostly with one-year ranking data that are limited to topranked universities (e.g., top 100, top 150, and top 200), take ranking scores as data, and use methods that require normality assumption for the data (e.g., principal components analysis and Pearson correlation test). ARWU is the first international ranking and, THE and QS are the popular commercial ones but international university rankings are not limited to these three rankings. Considering this situation and to be able to obtain more comparable results, this study focuses on research-focused international university rankings. Most of the similar studies mentioned above consider the top-ranked universities in those lists and one-year ranking data but it is not possible this way to get accurate and valid results on the similarity or correlation of indicators. In this context, this study aim to analyse the entire ranking lists instead of top-ranked universities and considers all ranking years, insofar as possible.
Almost all studies mentioned above use parametric statistical analysis (such as principal component analysis and Pearson correlation test) that require normally distributed score data. The ranking scores have a skewed distribution because of their structure and require conducting nonparametric analysis. Therefore, this study used multidimensional scaling (MDS) that is a nonparametric multivariate statistical method and is first to use MDS analysis (that doesn't require normality assumption) on university ranking indicators.
The Indicators Used in Five International University Rankings
International university rankings that offer an annual overall ranking list select a number of indicators, weight these indicators, and get a score summing up these weighted indicators (Y = W1 st(X1) + W2 st(X2) + … + Wn st(Xn)) (Tofallis, 2012; Usher and Savino, 2006, p. 3) . We can see that the indicators used in a significant portion of international university rankings are grouped by certain categories and these groupings differ according to ranking systems. NTU categorizes indicators as research productivity, research impact, and research excellence (NTU, 2017b) . ARWU has categories for educational quality, quality of faculty, research output, and per capita performance . RUR groups 20 indicators under four titles: teaching, research, international diversity, and financial sustainability (RUR, 2018) . URAP and QS, conversely, do not categorize the indicators . From Table 1 , we can observe that the most intensively used indicators are the ones based on the number of publications and citations. Rankings, except QS, use indicators based on number of publications, but their approaches differ. RUR uses number of publications per faculty, considers "article" and "note" as publications and divide publication number to the number of academic staff and researchers the year before (RUR, 2017) . URAP has three indicators based on the number of publications, and for NTU and ARWU, this number is two. Number of articles published in the current year is a common indicator for URAP, NTU, and ARWU, but data sources differ. Although ARWU and NTU use SCIE and SSCI as data sources, URAP uses InCites. Conversely, ARWU counts only articles as publication type, where URAP considers reviews and notes in publications types in addition to articles. Moreover, ARWU multiplies the number of SSCI articles by two. Number of articles in the last 11 years is another indicator for NTU based on publication number, and NTU uses Essential Science Indicators (ESI) for this indicator. URAP's other indicator that is based on publication number is the number of total publications, considering conference papers, reviews, letters, discussions, and scripts in addition to journal articles indexed in WoS during the previous five years. ARWU and RUR differ from other rankings in terms of their use of an indicator for the number of articles published in "highly influential journals". These journals defined as Nature and Science for ARWU and Nature, Science, and PNAS (Proceedings of the National Academy of Sciences) for RUR. URAP normalizes the number of articles for 23 different subjects with another indicator, called "number of articles normalized for subject" (URAP, 2015a; URAP, 2015b).
It is seen in Table 1 that citation-based indicators appear to be widely used in rankings. URAP and NTU use the total number of citations as an indicator. Although URAP considers the last three years for citations, NTU considers the last two years and the last 11 years for two different indicators based on the number of citations (NTU, 2015; URAP, 2015c) . NTU has two other indicators related to citations, which are the number of citations per publication (independent from university size), and the number of publications in the top 1% by citations (NTU, 2015) . URAP, conversely, uses a second indicator based on citations called number of citations normalized for subject, which is also used as an indicator in RUR. QS also normalizes the number of citations in terms of faculty, which is similar to RUR but different than other rankings (QS, 2015; RUR, 2017 NTU has two other indicators related to both number of publications and number of citations: h-index and the number of publications in the top 5% of journals by impact factor. NTU calculates the h-index for the last two years using SCIE and SCI data (NTU, 2015) . Journal Citation Reports (JCR) data is used to determine the 5% of journals for the indicator mentioned above as the number of publications in the top 5% of journals by impact factor (NTU, 2015) .
Indicators related to international collaboration in academic studies have only been used in RUR and URAP. While RUR uses international, co-authored publication rates, URAP measures international collaboration using international, co-authored publication numbers (RUR, 2017; URAP, 2015d) .
Indicators measuring academic performance are widely used in international university rankings, and there are also indicators related to educational environment, reputation indicators based on surveys, financial indicators related to income information, and indicators related to innovativeness and web performance. RUR and QS differ from the other three rankings with regard to the reputation surveys (academic reputation and teaching reputation). They use these survey results as indicators to determine university reputation. Besides, these two rankings also use indicators related to the educational environment (QS, 2015; RUR, 2017) . Being related to the educational environment, international student rate, international faculty rate, and number of students per faculty are the common indicators for RUR and QS. RUR also includes the ratio of doctoral students to undergraduate students and the number of under graduates and doctoral graduates per faculty, doctoral degrees per admitted PhD as indicators (RUR, 2017) . ARWU claims to measure education quality using the number of international awarded alumni as an indicator. Likewise, ARWU claims to measure the quality of faculty using the number of internationally awarded faculty as an indicator (ARWU, 2015b). Only RUR uses indicators for income, which are institutional income per faculty and per student, research income per faculty and per institutional income, and papers per research income.
Data and Method

Data
The indicator-based scores of universities in five international university rankings (ARWU, NTU, URAP, QS, and RUR) from the year of their introduction up until 2015 and overall ranking scores for 2015 form the dataset for this study. 1 The scores are used as data because they are more reliable than ranks. Because, 0.3-0.4 changes in score can easily cause about 200-300 changes in rank at the end of the list, while it is not possible to change only 1 rank with these scores for the top of the ranking lists.
Considered the most basic and reliable source for accessing the ranking lists, websites for the rankings were primarily used. Ranking lists were obtained through their websites, except for QS. The QS ranking lists for 2010 and 2011 were not accessible from its own website (http://www.topuniversities.com/). We tried to obtain the missing rankings for these two years through http://www.university-list.net, which complies the university ranking lists, and Internet Archive: WayBack Machine (https://web.archive.org/web/), which provides access to the previous versions of this website (http://www.university-list.net), but indicator-based rankings were not accessible this way either. After a certain rank, some universities in the QS 2012-2015 ranking lists do not have indicator-based scores. These universities were excluded because of the impossibility of performing a valid analysis. QS ranks about 700-800 universities in 2012-2015 ranking lists, but academic and teaching reputation scores are only available for the first 400, and scores for the other indicators are available for the top 500 universities. Therefore, analysis results for QS reflect the results for the first 400 universities in the 2012-2015 ranking lists. 
Method
The five international university rankings in the scope of this study that provide indicator-based scores and overall ranking scores were examined. MDS, one of the multivariate statistical methods, was performed to determine the grouping of indicators via biplots. Cosine similarity coefficients were calculated to show the similarity of the indicators that are close on biplots. Spearman correlation test is used to show the effect of similar indicators on overall rankings.
MDS is a statistical method used to analyse a group of variables according to their similarities. It provides a graphical representation via biplots, which shows the positions of variables in two-or three-dimensional space in terms of their similarities (distances). It is possible to reveal any kind of distances through MDS, that is popular in marketing and psychological research. MDS is used in marketing research to determine the similarities of the same product with different brands, whereas it is used widely for people's perceptions of traits in psychological studies. MDS is preferred in this study, as the ranking data have a skewed distribution because of their structure, and MDS is a multivariate statistical method that does not require normal distribution of data (Multidimensional Scaling, 2017) . By this way, it was also possible to show the inter-similarity of ranking visually. The results of MDS are interpreted according to the stress value obtained from the analysis. Stress value is a measure of the degree of how concordant the distances of the points on the biplot are with their real distances and is calculated according to the Shepard diagram, which shows the concordance between scattering of distances in MDS space and scattering of real distances. Stress values range from 0 to 1, and a stress value of 0 indicates excellent concordance. Although it is not a highly recommended approach to determine intervals for stress values, a stress value over 0.20 indicates poor concordance. The R 2 value found by subtracting the square of the stress value from 1 provides information about how much of the variance/variability of distances determined by the number of dimensions used in graphical representation is explained (Borg and Groenen, 2005, p. 3, 42, 47; Borg et al., 2013, pp. 1-6, 21-26; Cox and Cox, 2001 ). The analyses were conducted with IBM SPSS 21.0 ALSCAL and SStress values are calculated as stress values. Two dimensions were used because of the ease of interpretation, and explained variances were evaluated according to the R 2 values presented with the S-Stress values. Cosine similarity, which measures the angle between two vectors, is often used to solve various information access and machine learning problems (Kryszkiewicz, 2014 (Kryszkiewicz, , p. 2498 Li and Han, 2013, p. 611) . By using cosine similarity coefficients in this study, distances of indicators on biplots that represents the similarity of intra-indicators could be interpreted more accurately.
After determining the similar indicators using MDS, we analysed the effect of similar indicators for 2015. We created new overall rankings using only one of the indicators from the similar indicators group each time. The weightings of the omitted indicators were distributed to the other indicators proportionally with their existing weightings and new overall scores calculated via the indicators' scores and new weightings of indicators. We correlated new overall ranking scores with the existing overall ranking scores in terms of ranking scores.
Findings
In this section, the similarity of intra-indicators for ARWU, NTU, URAP, QS, and RUR were examined, using the results of MDS analysis and cosine similarity matrices. After determining the similar intra-indicator groups, the effect of similar indicators on overall rankings were analysed and reported. (2003, 2004, 2008, 2010, 2014, and 2015) The first indicator group that has constituents close to each other according to both dimensions and therefore can be grouped together consist of number of articles published in Nature and Science and number of highly cited researchers. The performance per faculty indicator added to the ARWU ranking in 2004 is close to this group but has moved away year by year. Number of internationally awarded faculty and number of internationally awarded alumni (both indicators) can be thought of as the second group in that they are close in Figure 2 By taking only one of the similar indicators into account, four new overall rankings were generated for 2015, and each was compared with the current ranking list for 2015 in terms of overall scores. They were founded as highly correlated with the existing ranking for 2015 (0.929-0.956). The overlap of new lists with the existing list changes between 86% and 91% which means that a ranking very similar to the ARWU's 2015 overall ranking can be generated with four indicators instead of six indicators. It is possible to examine the 2010-2015 URAP rankings in three parts (2010, 2011-2013, and 2014-2015) Considering only one of the three similar indicators in URAP (in other words, considering four indicators instead of six), a ranking list that has an overlap about 99% with the existing ranking can be obtained. In order to test this, three new ranking lists, each including one of these three similar indicators, have been created, and the correlation of three new rankings with the URAP's 2015 overall ranking list in terms of overall scores showed a high degree of correlation (0.988-0.996). We calculated S-Stress values higher than 0.200 for QS (2012) (2013) (2014) (2015) and RUR (2010 RUR ( -2015 that indicate low concordance (between 0.216-0.283 for QS and 0.313-0.326 for RUR). R 2 values also indicate relatively low variance explained compared to other rankings included in this research (between 0.567-0.886 for QS and 0.632-0.667 for RUR). Although it isn't statistically possible to draw any conclusion on the QS and RUR in terms of the S-Stress and R 2 values calculated, it appears that the indicators form groups according to their positions. The most obvious result for QS is that international student rates and international faculty rates are close to each other in both dimensions. These two indicators were found to be among the most similar indicators, with both considering the cosine similarity matrices generated for each year (0.912-0.917). It can be seen that the indicators of academic reputation survey and teaching reputation survey, which are the most similar indicators in 2013-2015 (0.952-0.956) 
Discussion and Conclusion
In this study, we investigated the similarity of indicators used in research-focused international university rankings (ARWU, NTU, URAP, QS, and RUR) over years. In this context, similar indicator groups were determined and the effect of these similar indicators on overall rankings were presented. Because we calculated above 0.200 S-Stress values for QS and RUR, it is statistically not possible to reach any conclusion from the analysis of these two rankings.
One of the findings of this study is that ARWU, URAP and NTU use similar intra-indicators, so a redundancy problem exists for these three rankings. For ARWU, this is a common finding of the studies analysing the correlation of ranking indicators , Saisana et al., 2011 , Shehatta and Mahmood, 2016 , Soh, 2011 . In a study investigating the correlation between the indicators of the ARWU 2004 ranking (Liu and Cheng, 2005, pp. 132-133) , there were higher than 0.80 correlation values between the total number of publications and all other indicators, which interpreted as "compliance of the indicators." However, high correlation and similarity refer to redundant indicators and require reduction of indicators in that the existing indicators measure the same thing (Van Noorden, 2010) . Furthermore, correlation between the indicators that are used for a composite measure is a statistical methodological problem, and various statistical methods have been developed for dimension reduction (e.g., principal components analysis, factor analysis, and structural equation modelling). Additionally, it also points to a waste of resources for the ranking bodies. In another study (Shehatta and Mahmood, 2016, p. 1240 ) that examined the correlation between the indicators of the ARWU 2015 ranking by the top 100 universities, the most relevant indicators were also the same as those found in this study: the number of highly cited researchers and the number of articles in Nature and Science. Similar to this study, Liu and Cheng (2005, p. 132) examined the correlation between the indicators of the ARWU 2014 ranking and found the lowest correlations (0.50 and 0.55) between number of articles and the two indicators related to awards, a finding that is consistent with that of this study. The same result was obtained by another study (Saisana et al., 2011) that examined the correlations between the indicators of the ARWU 2008 ranking (0.48 and 0.52). This finding was also supported by the findings of another study (Soh, 2011 ) that examined the inter-correlations of three existing international university rankings (ARWU, THE, and QS) using one-year ranking data and topranked universities (ARWU 2010 top 100, QS 2008 top 200, THE 2010 . The number of highly cited researchers and the number of articles in Nature and Science were found to be the most relevant for ARWU (0.87). The most relevant indicators for QS with a moderate correlation coefficient of 0.64 were international faculty rate and international student rate. According to this study two indicators of ARWU explained 94% of variance in overall score, two categories of THE explained 94% of variance in overall score, and three indicators for QS explained 91% of variance in overall score and were "sufficient". In other words, the indicators outside of the indicated ones are redundant for each of these rankings (Soh, 2011) .
With this study, we reinforced the findings of the previous studies that intra-indicators of ARWU was similar. This study differs from the priors conducting investigating the similarity of intra-indicators of URAP, NTU and RUR for the first time. Although the results for QS and THE were reported in previous studies, we found that it was statistically not correct to conclude from the analysis conducted for QS, and it was not possible to analyse THE data (as indicator-based scores were not accessible). Considering more university rankings, using data of all ranking years and all universities in ranking lists, and using a nonparametric multivariate statistical technique (MDS) for the analysis make this study differ from the priors. We found that it was possible to form indicator groups in terms of their similarities for ARWU, NTU, and URAP. Using only one of the indicators from the similar indicator group each time, we created new overall rankings for each of these three university rankings and we found very high correlations between the existing overall rankings and these new overall rankings we created.
It is not possible to measure the "quality of a university", which is supposed to be measured by international ranking systems, by using the relevant data, methodologies and indicators. The fact that the international ranking systems, in particular the indicators they claim to measure the research activities, are too similar to each another, point to resource waste as well as a statistical methodological problem of ranking systems.
While scores generate very little position change at the top of the ranking lists, it appears that they lead to very large differences as the list goes down. As universities tend to use the results of the ranking lists according to their aims, they naturally give their rankings prominence instead of their scores, and they are not willing to face the fact that 400-rank difference in their positions is actually caused by 0.3 or 0.4 points. For example, in the overall ranking of CWUR 2017, there is only a 0.3 points difference between the 1000th and 711th universities.
Although there are some recent approaches that indicate "university rankings can be effective in the decisions of the people with the information they provide, but the ultimate decision-maker is the person him/herself" (Degener, 2014) and some applications such as U-Multirank and Mapping Scientific Excellence, which compare universities but do not aim to sort them, these new perspectives are less likely to attract interest than overall ranking lists or rankings offered by commercial firms, indicating that unwanted results tend to persist in comparison among universities or in revealing the "success" of a university. In response to a sudden jump in the rankings of several Canadian universities, Usher (2017) made a comment that points out the changes in the ranking methodology and stated, "the methodologists can take back what they had given". Moreover, it is noteworthy that the ranking systems that are expected to make the evaluation of the university performances have also been the matter of evaluation, in recent years (Butler, 2010) . Thus, ranking systems should not be taken as a basis in the formation of national and institutional policies (Holmes, 2006) . Another important problem is that, universities cannot fulfil their other important duties as they try to increase their performance for certain indicators because they are too focused on the rankings and take their places in these ranking systems too serious (Rauhvargers, 2013) . On the other hand, the important thing for a university should be to focus on what they want to accomplish nationally and internationally rather than to place higher in the ranking systems, and to develop its own criteria for success rather than adopting the standards developed by others (Degener, 2014) . It is frequently mentioned that rankings do not reflect the research quality and many different measures must be taken into consideration in evaluations. For this purpose, the importance of qualitative evaluations (peer evaluation) to be done by experts in a certain field is emphasized (Frey and Rost, 2010; Shin, 2011, p. 32; Van Raan, 2005a) .
The results of this study indicate that caution should be given when developing any policy, based on rankings. For example, if they want to make decisions based on ranking results, policymakers can focus on indicator-based rankings instead of overall rankings. This will allow them to make more accurate interpretations. It should also be noted here that using the ranking results, as a stand-alone evaluation tool will lead to incorrect results. Prior to using ranking systems as an evaluation tool, their methodology and criteria should be thoroughly examined and it should be accurately determined what exactly is measured and how. On the other hand, for example, rectors should be more precise when evaluating or using the results of these rankings. The objectives of the university administrations should not be to raise the universities' ranks. Thus, the problem of targeting the indicators for which scores can be easily raised, and hence raising the scores of others associated with those indicators through manipulation, will cease to exist. Before looking at the position of universities in ranking results, university administrations must understand the indicators and methodological details used in the ranking system. The results of the study also show that developers of rankings can make more efficient rankings with fewer indicators, hence with fewer amounts of time and money. Developers of these systems should understand that it is a more correct approach to produce indicator-based ranking by giving up general ranking that is made by weighting the indicators.
The results of this study can be used by ranking bodies to decrease the number of indicators of their rankings, thus make use of their resources more effectively. Policy-and decision-makers can utilize the findings of this study focusing on indicator-based rankings instead of focusing on overall rankings and could question decisionmaking based on overall rankings of universities, which is a composite measure calculated with highly correlated and similar indicators. Correspondingly, a similar suggestion can be made for all potential audiences of rankings, namely, students, academics, researchers etc. They can use these findings to scrutinize the rankings with a different approach and think twice before equalizing the rank with quality.
